The Best Practice in Mathematics Education project was funded by the Australian Office of the Chief Scientist, to examine promotion of students' learning, engagement and aspirations in this core learning domain. We draw upon cross-sectional survey data from 551 students in grades three to nine to examine how students' mathematics engagement relates to key dimensions of their learning climate (mastery or performance focused classrooms), teacher enthusiasm, and school caring. Engagement is known to be associated with positive school outcomes and influenced by environmental factors. Less known is whether, and the extent to which, students have different profiles of engagement across component dimensions (Fredricks, Blumenfeld, & Paris, 2004) ; and, how profiles may differ according to experienced environment dimensions. We first develop profiles of adolescents' behavioral, emotional, and cognitive engagement using multilevel latent class analysis, educing three profiles of 'engaged', 'compliant', and 'disengaged' students, who systematically differed on experienced environmental factors. Mastery focused classrooms, enthusiastic teachers and caring school environment were experienced most by engaged, and least by disengaged students; performance focused
2004). These differences are reflected in statistics showing boys enroll in more advanced school mathematical courses, post-school studies, and occupations.
Of interest, is how the learning environment influences students' mathematical engagement. We examine whether and what engagement profiles may exist for different types of students, and how these map to learning environment dimensions. Few studies have intensively examined interrelationships among learning environments and components of student engagement (Shernoff et al., 2016) to educe practical implications for educators and teachers.
Mathematics engagement dimensions
Engagement is frequently conceptualized as multidimensional, encompassing behavioral, emotional/affective and cognitive dimensions (Fredricks et al., 2004) . Although these categorizations map to commonsense aspects of doing, feeling, and thinking, Eccles (2016) has pointed out that their distinctions are rather fuzzy and overlapping.
Behavioral engagement. Students' behavioral engagement refers to the extent to which students participate in mathematics, known to associate with later academic achievement (e.g., Ladd & Dinella, 2009 ). This might also include whether participation is voluntary (Fredricks, 2011) and the extent to which students apply effort (Skinner & Belmont, 1993) , although the latter has at times been classed as an indicator of cognitive engagement (Fredericks et al., 2004) .
Emotional engagement. Emotional engagement refers to students' affective responses to their learning environment (Fredricks et al., 2004) . This is typically associated with the emotional dimension of interest, known to positively associate with achievement, via deeper learning and the adoption of self-regulated learning strategies (Lee, Lee, & Bong, 2014) . It includes students' enjoyment and interest in their learning tasks (Skinner & Belmont, 1993) and can extend to identification with the school and its prevailing culture (Fredricks, 2011; Wang & Holcombe, 2010) .
Cognitive engagement. Cognitive engagement taps students' personal investment in their education, including self-regulatory strategies (Fredricks, 2011; Wang & Holcombe, 2010) and desire for challenges (Fredricks et al., 2004) . We conceptualize it as epistemic curiosity; a desire for knowledge that solves intellectual problems (Litman, 2008) , and fundamental human motivator associated with achievement (Berlyne, 1960) .
Environment dimensions
Drawing on Bronfenbrenner's (1979) theory, a social-ecological framework for studying student engagement has been persuasively argued (Lawson & Lawson, 2013) , highlighting the intersection of student engagement, and settings that schools and teachers create. The reciprocal relationship between students' engagement and their learning environments was highlighted by Skinner and Belmont (1993) ; students' level of engagement can elicit positive or negative teacher responses, at the same time as teachers' overt and covert behaviors can increase or diminish students' engagement. To the extent that students' positive engagement is met with nurturing responses, students should benefit from 'person-environment fit' (Eccles, 2013) .
Classroom goal structure. Many of the examined environmental influences on student engagement fit under the umbrella of achievement goal theory (Midgley, Kaplan, & Middleton, 2001 ) which posits students' achievement goals are shaped by the goals promoted in their learning contexts. Broadly, these are mastery or performance oriented: characterized by an emphasis on mastering learning material, versus outperforming peers. Mastery goals are positively associated with interest (e.g., Hulleman, Durik, Schweigert, & Harackiewicz, 2008) , enjoyment (Pekrun, Elliot, & Maier, 2009) , and adoption of deep learning strategies (e.g., Crouzevialle & Butera, 2013) . In mathematics, a mastery classroom environment has been linked to students' valuing of mathematics, whereas performance learning environments were unrelated (Lazarides & Watt, 2015) . Relatedly, student-oriented forms of teaching promote students' interest and self-concept in mathematics, compared with traditional directive teaching (Schukajlow et al., 2012) .
Students in classes that emphasize mastery, are more likely to adopt mastery goals (Meece, Anderman, & Anderman, 2006) . 'Autonomy supportive' classroom environments that promote mastery goals and positive self-concepts lead to increased student engagement and learning (Wang & Holcombe, 2010) . In contrast, controlling environments can be alienating (Pope, 2003) , presumably because they foster passive types of engagement (Lawson & Lawson, 2013) , also described as 'compliance oriented' (Crick, 2012) . Students become disengaged, according to Lawson and Lawson (2013) , when they hold low value for an activity or domain, low interest and self-concept, or do not perceive that they belong.
Teacher enthusiasm and school caring. Relatedness is emphasized as one of the three basic human needs within self-determination theory (Ryan & Deci, 2000) together with competence and autonomy. While competence and autonomy are often tapped in studies of students' engagement through environment factors such as classroom goal structures (e.g., Rolland, 2012) , relatedness has received less attention. Yet, students develop value for the academic goals conveyed by their teachers, when their interactions and relationships are emotionally supportive, nurturing and facilitative (Wentzel, 2009) . Teachers' instructional practices together with their interpersonal relationships shape the learning environments they create. Beyond the mathematics classroom, students' experienced school caring is important in terms of whether they feel safe and supported at school, and contributes to student identification at the school level (Mitchell, Kensler, & TschannenMoran, 2016) .
A social-ecological engagement profile approach Lawson and Lawson (2013) conceptualized student engagement as a dynamic between their psychological dimensions and features of their learning environments. Of course, engagement also differs across individuals. Many quantitative studies have examined single engagement dimensions. However, it is possible that profiles of engagement may exist among different types of students. A personcentered approach allows consideration of how engagement dimensions combine among different students, offering a nuanced understanding of the conditions and dynamics associated with particular profiles (Lawson & Lawson, 2013) , towards productive future design of targeted interventions.
The present study
Our central questions asked whether engagement profiles (across behavioral, emotional, cognitive dimensions) may exist, and, how these map to experienced learning environments. We speculated we would identify engaged and disengaged profiles, but also that there could be a mixed profile, for example of 'compliant engagement' students, based on speculations of Crick (2012) and Lawson and Lawson (2013) . Gender and age are doubtless relevant to any consideration of mathematics engagement. Based on documented declines in interest, we expected more younger students in engaged, and more older students in disengaged profiles. Where gender differences occurred, we expected these would favor boys, although it was something of an open question whether girls might be higher on behavioral engagement, given girls' reported higher levels of conscientiousness in learning (Rosander & Ba¨ckstro¨m, 2012) .
Method

Background
The study was undertaken in Australia in 2015 on behalf of the Australian Office of the Chief Scientist. With the support of state authorities, school leaders were invited to include their school in the national survey. Ethics approval was obtained from the University of Tasmania and relevant education systems. If school leaders agreed, students in their schools were invited to complete surveys encompassing a broad range of perceptions related to mathematics. Of the 699 participating students, classes with fewer than eight respondents were excluded (148 excluded students, from 33 classes in 23 schools).
Participants
The final sample consisted of 551 students (46% boys) taught by 37 teachers in 15 Australian schools (average number of participants per class ¼ 14.9, SD ¼ 6.1, range 8-29). These were across metropolitan (N ¼ 11), provincial (N ¼ 3) and remote (N ¼ 1) areas. Students were enrolled in Years 3-9, with most (N ¼ 314; 58%) in Years 3 and 4, and just over one-third (N ¼ 195; 35%) in Years 5 and 6. Only 42 students (7%) were enrolled in Years 8 and 9. Ages ranged 8-15 years (M ¼ 10.2, SD ¼ 1.5).
Students self-reported their mathematics grade achieved last semester (491 valid responses), graded E (lowest) through A (highest), with Grade C regarded as a passing grade. Almost one-fifth (18%) gained an A-grade, 41% B, 34% C, 6% D, and the remaining 1% E. There was no significant association between gender and grades 2 (4,
Instruments
Items tapping the three engagement dimensions were assessed using seven-point response scales, from 1 (not at all) through 7 (extremely) ( Classroom goal structures and teacher enthusiasm were assessed using five-point response scales, from 1 (not at all true) to 5 (very true) ( Table 1 ). Classroom mastery (a ¼ 0.66) and performance environments (a ¼ 0.68) were each assessed using three items from the Patterns of Adaptive Learning Survey (PALS; Midgley et al., 2000) . Teacher enthusiasm (five items) yielded a ¼ 0.83; perceived school caring (a ¼ 0.66) was measured by three items from the Psychological Sense of School Membership scale (Goodenow, 1993) , from 1 (not at all true) to 7 (completely true).
Analyses
Simultaneous assessment of construct validity for all engagement and environment latent factors was conducted using confirmatory factor analysis (CFA). All items were specified only as loading on their respective constructs, error variances freely estimated, no error covariances specified, and all covariances freely estimated between latent constructs. The first-listed item per construct was set as the reference per factor. Because popular approaches to missing data can bias results (Allison, 2001) , full information maximum likelihood (Arbuckle, 1996) accommodated low missing data. CFA showed good fit of the model to data ( 2 (188, N ¼ 551) ¼ 372.803, RMSEA ¼ 0.042, TLI ¼ 0.944, CFI ¼ 0.959); items loaded significantly on their specified factors (standardized regression weights 0.53-0.92). In a next step, key demographic variables of gender (1 ¼ boy, 2 ¼ girl), grade, and age were added to obtain latent correlations with engagement and environment dimensions (Table 2) .
Based on factor scores per engagement dimension, multilevel latent class analysis (LCA) identified distinct profiles of students. LCA assumes that rather than being selected from one population, students have been drawn from a number of hidden (latent) classes. Mean environmental scores for each profile were compared using posterior probability-based multiple imputations (Muthe´n & Muthe´n, 2012) . The nested structure of students within mathematics classrooms was modeled using the Mplus 'type ¼ COMPLEX MIXTURE' (Muthe´n & Muthe´n, 2012) . 1 
Results
Descriptive statistics
Descriptive statistics and latent correlations are reported in Table 2 . Sample distributions were normal, with the exception of classroom mastery, teacher enthusiasm, and behavioral engagement, which were negatively skewed. Many students provided maximum ratings for behavioral engagement items producing factor scores of which 44% were exactly 7.
Student engagement profiles
MANOVA of engagement dimensions across classrooms ( ¼ 0.67, F(108, 1461) ¼ 1.92, p < 0.001, partial 2 ¼ 0.12) confirmed the influence of classroom membership. Univariate ANOVAs revealed classroom differences for behavioral (F(36, 507) ¼ 2.42, p < 0.001), emotional (F(36, 500) ¼ 2.43, p < 0.001) and cognitive (F(36, 506) ¼ 3.67, p < 0.001) dimensions. Identification of latent classes therefore required consideration of which students were in same classrooms.
2 Several LCA models were applied to ascertain the optimum number of classes . Statistical criteria included: Entropy, a bootstrap likelihood ratio test (BLRT) in Mplus, and the Bayesian Information Criterion (BIC); the latter two reportedly perform best under violations of multinormality (Nylund, Asparouhov, & Muthe´n, 2007) . The optimum number of latent classes occurs in models reporting lowest BIC, highest entropy, and significant BLRT, supported by substantive interpretability.
Statistical results are reported in Table 3 (Online Supplemental Materials), indicating up to five distinct latent classes were discernible. Small sizes in the four-and five-class models were difficult to justify on substantive grounds, since profiles differentiated on level and not shape. We considered the three-class model most suitable, having lower entropy and BIC than the two-class, larger class sizes than the four-and five-classes, and substantively interpretable. the sample mean, but behavioral engagement resembled the sample mean. Class 3 (N ¼ 305) represented an 'engaged' profile, with each component significantly higher than the other classes, and above the sample mean.
Students within the disengaged profile were significantly and substantially lower on behavioral engagement than their compliant (ÁM ¼ 2.63, t ¼ 2.54) and engaged peers (ÁM ¼ 3.28, t ¼ 3.23). All mean differences are expressed in the measured scale metric from 1-7; these differences constituted 38% to 47% scale points. These students were also significantly lower on emotional (ÁM ¼ 1.25 (18%), t ¼ 1.96), and, close to significantly lower on cognitive (ÁM ¼ 1.25 (18%), t ¼ 1.94) engagement. Students with an engaged profile were significantly higher than their compliant peers on all engagement dimensions: behavioral (ÁM ¼ 0.65 (9%), t ¼ 2.73), emotional (ÁM ¼ 2.78 (40%), t ¼ 8.37), and cognitive (ÁM ¼ 1.89 (27%), t ¼ 5.42).
Students in the 'engaged' class were significantly younger than those in the 'compliant' (ÁM ¼ 0.72 years, t ¼ 4.84) and 'disengaged' (ÁM ¼ 1.29 years, t ¼ 3.56). There were significantly more boys in the 'disengaged' than 'compliant' class (68% versus 34%, 2 (1, N ¼ 246) ¼ 7.92, p < 0.01), and, fewer 'compliant' than 'engaged' boys (34% versus 51%, 2 (1, N ¼ 511) ¼ 10.05, p < 0.01). Boys reported higher emotional (ÁM ¼ 0.52 (7%), t ¼ 3.23) and cognitive engagement (ÁM ¼ 0.29 (4%), t ¼ 2.05), but lower behavioral engagement (ÁM ¼ 0.42 (6%), t ¼ 3.82) than girls.
There was a significant association between grades and engagement profile ( respectively) were more likely to report failing grades, than the engaged profile (3%). There was no significant difference between disengaged versus compliant profiles.
Engagement profiles and environment factors
Perceived environmental factors were compared across latent classes using posterior probability-based multiple imputations (Muthe´n & Muthe´n, 2012 
Discussion
Engaged, disengaged, and compliant profiles of mathematics engagement could be discerned. More younger students fitted the engaged profile, and experienced mastery environments. This is consistent with findings from longitudinal studies of declining interests and self-concepts (e.g., Watt, 2004 in Australia; Frenzel et al., 2010; Nagy et al., 2010 in Germany; Jacobs et al., 2002 in the United States) and experienced mastery goals, due to changes in instructional and assessment practices as students move through primary and secondary schooling (Anderman & Midgley, 1997) , likely associated with increasingly challenging mathematics. Boys were more concentrated in the disengaged profile and girls in the compliant, signaling targeted approaches that may be needed to engage each. The mixed 'compliant' profile did the mathematics required, with limited curiosity or liking. These two profiles did not differ by student age. Mastery-focused learning environments taught by enthusiastic teachers clearly associated with the engaged profile; low school caring was experienced by disengaged students. Our typological approach moved beyond measuring differences in the extent of dimensions of student engagement, to examine how their engagement may vary qualitatively, enabling a more nuanced examination of complex relationships with particular learning environment features (Lawson & Lawson, 2013, p. 456) .
Differences in gender composition were marked between the compliant and disengaged classes. The highest concentration of boys was in the disengaged profile, followed by the engaged, then the compliant. This may appear at odds with the corpus of research establishing girls are less engaged than boys in mathematics (e.g., Buckley, 2016) ; however, that work has focused on emotional engagement. Our study encompassed behavioral and cognitive dimensions, and the finding of more girls in the compliant profile resonates with findings they are more conscientious (Rosander & Ba¨ckstro¨m, 2012) . Although reporting similarly high effort as the engaged profile, it appears problematic that 'compliant' learners experienced less enjoyment and interest, and may be less likely to persist in mathematics pathways in future.
Situating students' engagement profiles within the ecology of their experienced learning environments revealed that profiles systematically differed across examined dimensions. Highest mastery classroom structures and teacher enthusiasm were reported by students in the engaged profile, and lowest by the disengaged, with compliant in between. Performance goals were rarely experienced and did not distinguish the engagement profiles. A wealth of literature has established a raft of benefits for students' own interest and mastery approaches to learning within mastery learning environments, whereas performance environments show inconsistent and oftentimes negative associations with students' achievement goals (Kaplan & Middleton, 2002) . Lowest school caring was experienced by the disengaged students, whereas the other profiles experienced similar, higher school caring.
In the related domain of science, transformative experience in which students actively use concepts to understand the world in new ways, is fostered by masteryfocused classrooms, leading to deep learning outcomes (Pugh, Linnenbrink-Garcia, Koskey, Stewart, & Manzey, 2009) . Curriculum design and pedagogical practice that emphasize knowledge acquisition, limit opportunities to enrich and expand students' understanding and engagement. Such approaches frame student engagement as inherently passive requiring stimulation by the teacher (Lawson & Lawson, 2013) , fostering what has been termed 'procedural' engagement (Pekrun & Linnenbrink-Garcia, 2012) .
Despite students within the compliant profile reporting quite high mastery classroom orientations and enthusiastic teachers -to a lesser degree than the engaged students -and equally caring school environments, these factors had not led to same levels of engagement, particularly emotional and cognitive. The greatest effect size between the compliant versus disengaged profiles occurred on behavioral engagement, raising the question whether a greater emphasis on mastery, teacher enthusiasm and school caring could move disengaged students into at least a compliant profile by increasing their behavioral engagement as potentially a first step to becoming more emotionally and cognitively engaged with mathematics. The National Research Council (2001) indicated that a 'productive disposition' towards mathematics -'habitual inclination to see mathematics as sensible, useful, and worthwhile, coupled with a belief in diligence and one's own efficacy' (p. 116) -is essential for students to learn to think and reason mathematically. As reported in the literature (e.g., Marsh, Trautwein, Lu¨dtke, Ko¨ller, & Baumert, 2005) , students' cognitive and emotional engagement, inasmuch as they relate to interest, were associated with higher prior achievement.
Practice implications
Clearly there is work still needed to create classrooms that dispose students towards fuller mathematics engagement. The school counseling literature is awash with case studies on non-compliant and disengaged students (e.g., te Riele, 2014) many of which focus on alternative programs. Students' engagement profiles should not be considered fixed or deterministic. Engagement is malleable. Malleable signals amenability to change by intervention (Crick, 2012) . These efforts will require a dual focus on prevention of disengagement, together with harnessing conditions that facilitate and sustain engagement. Engaged students may not remain so, in unsupportive learning environments. From a self-determination theory perspective, students can come to increasingly engage with a task through progressive internalization of external motivators, such as school pressures or anticipated future rewards. Key learning environment features which support students' basic needs for competence, autonomy and relatedness (including classroom goal structures, teacher enthusiasm and caring) are crucial to foster adaptive profiles of student engagement and learning. Individual motivational factors alone are insufficient, in the absence of a supportive environment.
Teachers can promote behavioral engagement through instructional support, including the provision of lesson rationales (Jang, 2008) and quality feedback (Virtanen, Lerkkanen, Poikkeus, & Kuorelahti, 2015) . Teachers can model emotional engagement through their own enthusiasm (Fredricks, 2011) to positively influence students' emotional engagement (e.g., Kunter et al., 2008) . Eccles and her colleagues have demonstrated that girls are engaged by activities they perceive as socially meaningful and important (Eccles, 2013; Watt et al., 2012 ). Yet, mathematics is frequently taught in skills-based, abstract, decontextualized ways, which may be less likely to capture girls' interest.
School psychologists may fruitfully employ practical approaches such as making explicit connections between mathematics and its social uses and purposes, to help (especially girls) develop a sense of personal significance and practical value (Eccles & Wang, 2012) . After-school programming and support groups may provide additional stimulus by offering interesting projects with social relevance, and guidance and social support for students experiencing anxiety or difficulties.
Limitations and future research implications
As with all studies, there were some limitations. First, a larger sample would be desirable for better representation of Australian mathematics classes. Second, multiple measures for each of the component engagement and environment dimensions would be preferable, and some construct reliabilities were marginal. Third, longitudinal data or intervention studies would be required to tease apart reciprocal effects between students' engagement, and experienced classroom environment dimensions. In particular, observing teachers' practices in classrooms where students exhibit different engagement profiles may be a fruitful approach. Further research is needed concerning person-context interactions, for different types of learners in different kinds of settings.
Conclusion
Engaged, disengaged, and compliant profiles of mathematics engagement were discerned. More younger students fitted the engaged profile, and experienced mastery environments. Mastery-focused learning environments taught by enthusiastic teachers clearly associated with students from the engaged profile; low sense of school caring was experienced by disengaged students. Our study highlighted complex interactions among dimensions of student engagement and perceptions of their learning environments. Whereas the engaged profile showed little difference between girls and boys, the difference in the compliant and disengaged classes was a novel finding. Girls may 'opt out' of mathematics through shifting to compliant forms of engagement, whereas boys disengage, suggesting the need to develop different levers to sustain both gender groups' levels of emotional and cognitive engagement, as well as behavioral engagement for boys.
Diverse profiles of engagement within classrooms suggest different approaches might be needed by teachers to develop tailored interventions for each type rather than one-size-fits-all interventions, keeping in mind that even within subgroups, one size does not fit all (Lawson & Lawson, 2013) . A good start appears to be a focus on school caring, mastery oriented classrooms and teachers enthusiastic about teaching mathematics. A question remains about whether and how classrooms can shift students from one profile to another. Identifying learning environment dimensions which foster positive engagement profiles could hold tremendous potential to build stronger learning and understanding outcomes, and increase mathematical participation through the STEM pipeline -a concern within Australia, and internationally.
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